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(57) [gtffl 

DBft^ga G a A s 1 XfcfcCOG a A s BSLk 
lC&j£LfcWi-(DG a A s xfcT frTmtt 7 

m<DG a A sJLlf*^>^7l/Ji3Stf 4**T«¥Wf* 
glT^^>T, atElX«4T*JM7(0*ffiK:#ft-rss 

S— <OXtt*6tC*»OG a A s JCfcf^S^/lWf 3& 




U ) 
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JS^Sffi{c#fiET£ S i SfcliS i ffcdtt*, *$7k*tc 

R<Dgfl5fcU?GET5 S i SfcttS iftftW*, *$7k4nc 
* 7y*B#**ft* J: o r mawtc^gttft 

tVo. COaiOVXtf 5 0 p pmttTWS 

[sS*^3] tuie^y>'7K^^^- N />cO^7b ,? 0. 1 
p pm^5>3 0 p pmOKIT'feSC fc*r«F«fc-rS> 20 

mxjx 1 ictmoimmmmji&o 

7i ft tc J; o TfflS L , #Oft£1ft#*Sfl»*JB;S 

ffi^'WXtfS 0 p pmttTT*65Ci:S«aktSft 
[0 00 1] 

[0 0 0 2] 

[fi£*<D&ftj] M E S F E T (Metal Seraiconduc 

tor Field Effect Transistor ) ^HEMT (High Ele 
ctron Mobility Transistor ) %: E<D^rUtWSS^C$S^ 
^ifttLT, Mil G a (jffU^A) StfAs 

(D3R) £$€?G a A s*«f**SOfkft»*Slf*tfl£ 

<ffli^nn^ 0 so 



[0 0 0 3]-»tc, c©«fc3ft{t^¥»**&ft* 

fc, ^61*«ftTV^. ±SE#JS«Mtt. MOCVD 
(Metal Organic Chemical Vapor Deposition ) 

[0 0 0 4] ±»Lfc<fc5ft¥Wf4^Bfc:J3^Tli, ii 
B/Sfixt?^^ S i (y'J^» & 

^KS±tcffML/c-otX±^{b^^S B B B ^^Sffitc 
[0 0 0 5] C^J:3^^«^fcfi:T±ii2PO^ffi^fl7i 

i U ou rna I of Crystal Grow 
thj 9 1 (1988), pp632-6 38 H. K 
a n b e r e t a 1 . 0 g;/c. Ig:i?)77?£k 

it(^ 17515 o^mcm^nr^ 

7Nny>^^x^ffli^7c^Xx»y^v^Safl 

istfs i ffc^«#R*£r*75rffiT*»So s&k. 

©TSfffitt. WHPF 9-320 9 67 ^*>«Lfttf Xitt r J 
ournal of Crystal GrowthJ 
133 (1993), p p 1 2 3 — 1 3 1 S. lzu 

m i JclHtt*nTV^J:3tc. UV (JfittW 

¥ 1 0 - 1 2 5 5 3 ^tt«#B8) o 
[0 0 0 6] 



(3) 



w<Dmf&t$&Rxsm&*<D s i ^^^n^sfiKOPoisA^ 

[0 0 0 7] m~07iST'fi, UT.x.v^tfmmHKD 

*fXx-y^->yfflffl*cJ:oT, SSOSffiXfiTitfUKO 

£ftsxt?**:>* /bit <0 ^§5 ^ * a tflgf t L T 
L^-3 0 £6tC, CWi&Ttes #XX*y^>^«UIJE 

[0 0 0 8] 26k:, SZ^iiTH ttBWrittfJtR 
ftfO!JiT*£>D> fro, ty>(iSM^-rs/cWM 

-ttcfiFGE-rSMR* U V <fc 9 *yvft*#T«£<£H* 
£fc«>, S IMS ift** 

^&-rs s i stf s i ftft»««iifk*tiitv^t>ofcBa 30 

[0 0 0 9] 2 SE3075ri£T*t4, iS-Wa^ls] 

[0010] ±fso<£?tc, ^tmrH^-rn^mm 

t^fSI^ntv^o for, CtfMWHtt, ±E 
OjStcfrA,*^ SfiX*±TlftKi:xif ^^->^;l/«o 
»ffi. Xttxe^+S/^/UBfcSdEaxb!**^^^* 
<^®tc?*GE^SS i &t>*S i ft^WOS i F"*— 

l r ftm t s c t ct s * ^ u 7 Kit-r * c t tfi 
*W(*«JMSBO«l**Wtft:*-j"»c:, fro, so 
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[001 1 ] 

tc. *SW<0*ffi«Ul7*S;ti:. {t*W¥«K**«X«*C 

tc, ^(oit^m^am^matT^mc. <t^v®¥m» 

W ^rS^f tT S c £ £T% 0 
[0 0 1 2] C<D«ffi«ia>rttti, ft**^*S 

*iesaio«ffi«c. %o{bdWiiMSAfli«}Bdt-r«iB 

ic , ft** 4«£ft«Xtt £ £ tc £»oft^«0 JMgftMO 
Mile fk&***#WR«anXttcO««±fcJB* 

/ciiS i ft***. 9^*l£*)f>*1&±^i&itf^ 

Xfr 5_0 p pnU^T-feS £ £%ft»£'V%o~~' m 
[0 0 1 3] Sfc, CCO^®jaJl77?iti. ^Wzk^O 
^y>«fi*0. 1 ppm^63 0ppm(CiSSti)C 

[00 14] *RWO¥»(*«Btt, ft*«3* 

wi*m&±i£&f£ l fc— ow±of t*»«e»«**r 

5*#*8lT^o'T, ft***«f*S«XttCl(0»tR 
SS iRtfS i ft***. ±fEO^ffiJ!ia^j£tC«J;oT 

[0015] 2 etc. *»^oft*w^sif*««x«4* 

»««Btt. ft*W44»#»SX«4CO|(«±k:»«L 
fc— ^W±Oft*»#««IKOKffiX«ISiffiK43l/^T. 
S i&tfS i ft*«J*«ft*n*C4:T«JRWtC^fStt 

h^ jXtf 5 0 p jp^ggefe s c <^ ^ -r So 

[0 0 1 63 *»WO«ffifflSWi£k:J:n«f. *«^fc 
c (OSfillcM Lfc— oW±Oft*»*IS»lll<Da 

®tC??«E^SS i&tfS ift*»*^ *!/>7kO»ftffi 

ffltc^oTHM^tc^Frgtt^s i mtmcmttZo c 

mc^O. K«i:xtf*4=-S/^;UB<0f|ffi % Sfcfixtf 
^^^^;U^^xe^^'>^;bii<oi?Mtc4o^S4r^ U 

[0017] ^/c. cosBBiaa^stCcfcntf. ^®^e 

So 



(4) 



nm 2 0 0 1 - 1 8 9 2 7 8 



[0018] co^-y^co^-y'viiS^o. i 
p pm^e»3 o p p mcowimcom^c. umam^ft 

CO 0 1 9] *«WO¥»f*igWi. SiMSi ft£* 

[0 0 2 0] *^0){b^ft¥iI»S«X^^ 
aJIftigE^te, S iRtfS i ffc'&WtfUftSnSili:^ io 

»wic*iSttft£ nrnKw*** yto«itf<K, 

fro, ^jiO^_X ^_50_p p m«T?6 0 > jrg 'Z Z 
[00 2 1] 

[aW<0*«SOJBIB3 JUT. *»W<0W*3S. IS*H2 

sMffliciBwr s o k j; £ —Hassle 43v ^ r a , 

{fc^¥SM*»«fcLT. GaAsWitW/SSTV 
K-^IMttMXttCOW^ffiKJIltSJIilT* 20 
3. Ga Asftd*Oxbr**S/ + /l/***«**fcT 

[0 0 2 2] ±fggfi±U:. MOCVDffi*ffl^xfe! 

[0 0 2 3] COt7>7j(li, *y>3tfX*a«7k«f«C 
0. 1 p pm^f) 3 0 p pmCOigfiOSHCH/^tl^O 

[0 0 2 4] ±ES«*fcttT«MiO*ffit*:. C(0t7 30 
[0 0 2 5] one. ±E«I»10*7LftSfi*M 

ocvositsau -oxii? 6tc^a<o^B H a K 

T'feS, G a A sfkft«3!p6tf*xtr^*S/^/U»*}B 
[0 0 2 6] O^IC. *»W-e»S»*3lK B«*«2 

*Ucj:$. S i K^-£LTflWr£ C 

U T^WBItfSiK ft !) . fro, SfiSffiOIHIffiJ.X^coffl5 

50 



[0 0 2 7] ££IC. CO^ffitt. S^X(iCC0S^± 
^XtCcfc^^n— K^ifcfcl^oTfySU MOCVD 

£fr£, ^WHattBOMa^Wtftrscfc^JS: 

[0 0 2 8] £<E>*C. L^t7>7j<(?)^7>Ig^, 
0. 1 p pmfr£>3 0 p pmO«ffi«3Htcfe£i:. to 

tommies \rxss i ft***»ftr*c^3B«-p*T 

ppm^im ^V">cOKftftffl7b^<, Si&tfS 

ftj^fc*?). *B«^c3£w^-rsHjffitt^fe*>. » 

[0 0 2 9] ortc, *SSW<OM*a4&tfW*«5*C 
ff*^{*SB0ltffi0jett«H 1 (a) Rtf (b) tc 

W^fflV^TMBH-rSo Ell (a) ti\ ffc^»¥S«*K 

T'fe^o I tt^ttTVK— :/¥JB»ttG a A slfiT 
2&£<DG a A sill ©SISiHStiSII 
1 , 2 Rtf 3 EBOSSffllAS-eA 

t7>*ICcfcotS!ft^ti^ S iStfS Mb** 
5 tf^ft LTV 5 A^BJKWtc^FgttattIB'e»*fc«>. 
S iRtfS i ft^ft^K-J— fcLTf^ffl-r^CfcJCJ:* 

ftbTfc^-r. StfGaAsifiltlRWO¥I«*S 
ft '>a^JHE«ffilc x tf ^ * f * )\sf&& L ft: JMSUI 
[0 0 3 0] L/c^oT. Sfeaffi^r^^^^-V^K 



(5) 
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[0 0 3 l] Si (b) {t&»¥«*fl**»ffilcje 

7>F-^WGaAsSfit*^ 7 ft G a A s 
S4E 1 0*ffit:«« L/c^ H B B lTfe *? . G a A s fto" 

iftJK 7 J: 5fS*3S l atfHI*^ 2 H2iE<Oi!® 

itftfl/f 2tc&, *vr>*lcJ:oTMfc*tifc* S iM 

SSfcafc. S i RtfS i ft^«5^K^- ^LTffffl-TS 20 

EUC&6£l\> Sfc, C <DgS5#lfIJl 2 Oitffi 6 «±sa 

n^-#BffcLTJ5&-S% SifG aAslfil £[nIf?<D 

a, SKaffioiaia^jar^^i?. cosffiicxtf*^ 
y 2©««w«Hsawftr* c 

Lfc*B»«<D»ffitt. «ffi*7*n$;— tfBfLLft^ 30 
OT% ¥^ 0 B B M3Oa®^¥iS^J:<. *5fc:£HBW) 

[0 0 3 2] L/c^ot, *fSWO^V>7WCctSSaD 
^TRWL^ iSWcJEUT* illZ-cxt:^*^ 

tc j: ^ssfflfi^ss Lit ranos»«tff# 6 n* 0 

[0 0 3 3] 

*fe«4Tiiwoaffio«!iiii3b<wi:«j|iT?jt*snfco so 



[0034] (1) msswi 

*«SLfc 0 Sfili. GaAs*a*^6«57VF-y 
^f*A : *Vls7k^(Dmn*Vym& • • • lOppm 

narnin • • • 1 # 

fit, C©«ffi»SKrtKTa. 7>K-^*»»ttJi 
®D±fc:* MO C V DS*ffl^/cxi?^*S/ + ;bfiEglc 
cfcoT. 0 0 0 AOf ^tDG a A 

sx^^^t;H (IXT. rGaAs^-y77lJ £ 
^•5) teBtiHsfco COGaAs^777i«:ffl 
^fc«fi;tfXtiu TMG (h'jy^l/fU^A) &tfA 
sH 3 T'fe^o COS»*FX«:S«R*rSrc4604=- 
t'J7^li:(4, H2 #X*ffll/^Co 
[0 0 3 5] L(OGaAs^777l«i, IMl 
T. MO C V DS^ffi^/cxe^ + y tMita^ 
T> naWMF-7 9 L/c^l 500A^f^OGa 
A sxtf -Wl/Jf (i-XT. r n -G a A s Jlj 
3) WL/co C(D^«»M(4, 3KJ3X 1 0 17 cm 
- 3 T^^ 0 COn-Ga AsIOM^ti, JM*4#X& 
tfftJR-TS/ci^+^'JT^JXtC, GaAs/W77i 

*jB«Ts«*fcHi;#x*fl^\ K-^>hfx^L 

TfcL Si2 He (S^>v» *ffl^/£o 
[0 0 3 6] (2) ^SS0J2 

sswi ti5ii;-c»So -rat) -5. **«s«T«*ffijBsi 

&{*B : *VV7j<*(0}8#*V r >'iBa[ • • • lOppm 

mmm • • • s# 

[0 0 3 7] (3) H«gffJ 1 StfUSfiW 2 <0Jt« 

JtaufcroofciMH 1 &tf 2»c £oTMffl*nfc-o 

0¥*S{*SB^o^T\ Si (S ift£*»c^8;*i*S 
i fe^ty) 0«Jgi:ffi*«fi«:S I M S (Secondary Ion 
Mass Spectroscopy) Vfttfi'tZ £#IC^ Jr^VTMM 
C V r£ (Capacitance Voltage Method) ffflfi L 

/Co 

[0038] i2Mi3(i, *n«a*astffl 1 st/2 
s i y t 7 ®^ 

*Wf*KHO«B (n-G a A sl^I) 
6^^^ (A) *>SL. 7xfflJO«£ttfi. S iaft2:ttlR 
IS (a t oms/cm 3 ) £tkU fefflilO«3EWCi. 4^ 
+ , J7»fi (li/cm 3 ) ^-To S/c, ^Ftttt^C 1 
1MC2 1 tt*ft«a*»0IJ !Stf2<DS i iSJg^» 



(6) 
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#T*£JH. C 1 2&tfC2 2ti^n^n§^{?iJl&tf2^ 

mmm&<Dftm£mt£^L, #«ft^c i 3MC2 3 

[0 0 3 9] !^2RU : [13tC^1-ct-9tC N S IMSK 

2) tmmm2 m3) (ommmm^cobtm^, * 

A,£fgtaLft^C fc#=bfr* 0 

[0 0 4 0] (4) tb«0J 1 
*mW\ 1 ©¥#f*SBO»3£rgfcJ\ S i tfVi—t 

JTT S c £ lc J: £ * * U 7<D*«*IB±-r £ fcftOil 
vfflSffi) «ffl0^c o C(Di^ «ia*fl=4:LTti, # 
: UV + 7vfil«fB- ■ - 2 0# 

coo4i] (5) jtteeu2 

«Ui*fl=fcLTfcJ\ ^O^D^ffl^/co 30 
:-UV*y>ffla«fM- 'MO^ 
[0 0 4 2] (6) Jt«W3 
ItttflJ 3 ©^WttKBOHitlSWU S i * Fi—£ L 

[00 4 3] (7) tttt«llfr6 3fc. ftM0!ll/P&2 
£ (Oitxt ^0 

trawo i 6 3 ic&tfz s i iijg. mmmm. s^t 
>;7«fi*, *js«m^5 2fciflt;*ife»«T, r?fiL 

fco tmm 1^8 3 Rt/^fig^J 1^6 2 cOSffi^e 7 * a 
[0 0 4 4] H4*^H6li, tt«WJ 1 fr63lC*5«-S 

S i MteBWR«»D#*T»«fc* ^'J 7«SW)¥P« 

1 > C4 lRtfC 5 ltt*n-€ f tltt:«!P3 3!p6 50S i 
U #f£ft$£C 3 2. C4 2M'C 
5 2 tt*ft*ftJt«W 3 atp 6 5 OB«S«flW#*r*6** so 



10 

^ttflfcSC 3 3, C 4 3&tfC 5 3 (i-tft^ftJ* 
«0J 3 6 5 <D** U 7iB«OW««**S-ro 
[0 0 4 5] H4tc^-rj:-5^ tt«« 1 T'U\ 7>F 
-^aattiS^G a A S /^y77itOSilC, * 
1 ^ & 2 P1«*C S i RU S i fk-&**^ < fipft 

*8ltfli.&tt4i/\, enters i «4»{t^n^si4{k 

[0 0 4 6] IHStC^-r^^^, Jt«M2T**47>K- 
7*l68ttS«^C a A s^77 7li:^ffitC, Si 

L^Lft#6. C<Dif£iCte. C VSJ^tcte^TgTO 

nT^fti^fctfrC&^o 
[ 0 0 4 7 ] Bl 6 {ZtMT £ -3 JC. Jt«ffJ 3 T*&7 > F- 
7¥*6814SffifcG a A s^*v7 7ltOffffifc:S i S 

l/^o ^ e>tc C VffiiJSfc:4o^T4^ 'J7tDll^l6n 
£ G LfcffoT, Jttli«ll3^6 2RtfJttt«1^6 2 
4:. tt««3 4:OJ;k«^6. S itfKt-tLTfffflt 
£c fcfc£5**y 7»»DR±ti:, *!/v*c«fcSBlfk 

[0 0 4 8] LfrLfttfB. Jt««l *^&2rtt, 

^(Drctb, UttWl *^6 2U:Jt«LT. m 4 m 5 k: 

: W^^^ig^t^-CJ5:-o-X s o- — - 7 
"TcTo 4 9 ] £ fc\ TtRffll 1 8 2 * n 
it-tfmitLT^Zo m 7 HSfifflJ 1 2 ttfcRWJ 
1 ^6 3CC*5*t-5^X (ppm) ©»JStt»*S-rH 

rSurfscan6200J ^^fflLfc 0 ^ 6 tC^"T<fc O ItC^ J:b$5 

% ^ tc u v * mmmmcomitmtfm 

6 L < tt 1 0 p p mLXTT*&Z> tBOSOytRifiU 

ten, go^ B a p«^^jit§o cntc^b. 

^62 T*«^-r x*^ < * < . **w<o«ffiffla*ffi«c 

£ *U±\ ^6 7 * n ^»[ft L ft I ^ £ £ tfitofr* « 
[0 0 5 0] w±, *5S«|co*fliJBJI6te:ot^r»lffl«cR 
HBLfttf, *»Mtt±abfcJ:5a:J«IIO«»»clHft« 

W#(*SS^LT, GaAs¥i*^6W7yK- 

G a A s {t*»W^<Dft*«33E)^rit«*» 
fcfcAtf I nPft^»*W». CdTeft'&**W 



(7) 
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[0 0 5 1 ] Sfc, ±XLft*tk&1&tCf3^r&s 
It IT, G a A sffc^;fr6j«*xi£**>'*;WB* 
^3«^lCOU>T!KBJlL/c#. G a A s ffcftWtttt© 
ffc*Wfr flUfcfl n Pft£r%¥«&, C 

[0 0 5 2] £6K£/c, ±2LfcjaiSiB»«c6^T 
fi. St6*fctiT«fiJllO«ffit«:iBjat*nsxt!d»*^^ 
;Hi:Lr, GaAs<t^»^fi)t5xk!^^> + ;H 10 
Sffl^5«ftW^TKWLfe^ G a A s {t&Bjfcm 
Offc^%**£jS£¥»f*. /ct*f£ I n Pfk^^tS 
(*. C d T e{t^*mm^f£Z>x.¥$*><^;imtt 

[0 0 5 3] 2 MESFET. H 

[0 0 5 4] 

m(D¥mic&te?z siws i <t€?m<os \ ffiv-r— 

[0055] $etc, *»wo^#(*««atf{t^«* 
w±©*BJiBio«ffi«c:saE-r* s i Rtf s i itsm 30 

S i ^K-t— £LTflFffiT£C£tCcfc£*^y7C>gffi 

mil *mitc**imtmmmimttfBw-e*> 

0. (a) ttftft***(*«E*ffllr^r»aLfcfeO, 
(b) (iG a A sft^Oxtr^^S/^^I/JtSflcS^-y: 40 
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[B2i *sswicj:*affi«ui^rtt03(ttii«y 1 tc&tta 
[13] *«w*c*«affi«H^rfto*aiiW2Jc:*5it* 

S i ««fctt*«tt<D#*r«*i:** U7SftO§¥«g 
[14] SffifflS^ffi^tfcRgiJ 1 ic&t*^ S i Sft 2: It 

[05] *ffiJaa?jffiOJt«W2tC*5»«S i»ftJ:K 

[16] gffisas^ffiojrhKCT3tc*5^^>s \ mmtm 

[1 7 ] *^OHfl6WJ 1 A^2i: JrfcKCT 1 ^ 6 3 tc*5 

1 g a A s *m#7> K-7¥*6»tt»K 

2 ^ffii&IIJl 

3 G a A sffc£1»fr6/3t£x£*:^>^/l//i 

4 £&fc^S<Dxt!:**S'-v/Wl 

5 «*Wfc^fitt*tt»©S iRt/Si ft^«3 

6 xb°^ + yt;l/i(cMft^SI 

7 G a A sft»Wxk!^*->^;UJl*«ftL^TifiJ« 
C 1 1 Hffiffll 1 O S i «ft<DiNff!&* 

C 1 2 iHfiWJ 1 <OS3R«ft(0»«Ttt« 
C 1 3 HffiflJ 1 'J 7«ft<0¥F«i8£: 

C 2 1 HfiBW 2 0S i «fttD»#f 
C 2 2 Hffiffl 2 0SJKiKft£>ft#reS 
C 2 3 *KWM2<0*ir U^aftOMtt* 
C 3 1 tb«WJ 3 O S i «S<Q##t*SS 
C 3 2 J*«0J 3 OBSR«ft<D##r*g* 
C 3 3 ttttWJ 3 <D*-V 'J ZtSft^l?ffl*g^ 

c 4 1 tmm 4 o s i «fto»#r*s« 

c 4 2 tttsaw 4 <Dmmmm<Dftffi%sm 

c 4 3 jtttM 4 ^o^-v »; raft 

c 5 1 tmm 5 <n s i «ft<o»«T$ss 

C 5 2 JttEM 5 OBBR«ftO#W*S* 

C 5 3 JttefflJ 5 <D** 'J 7«ft<DffFffl*SM 

u v mnm 
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